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(54)Titlc: HIGHLY SATURATED NITRILE COPOLYMER RUBBER, PROCESS FOR THE PRODUCTION THEREOF, 



HEAT-RESISTANT RUBBER COMPOSITIONS COMPRISING THE RUBBER AND COMPOSITES COMPRISING 
THE RUBBER AND FIBERS 



A highly saturated nitrite copolymer rubber lowered in Mooney viscosity by 15 or more points by applying a high shearing stress 
thereto in the presence of an age resister, which has a Mooney viscosity of 5 to 135 and a ratio of weight-average molecular weight (Mw) to 
number-average molecular weight (Mn) of 3 to 5 and exhibits an increase in Mooney viscosity of as little as 10 or less points as measured 
after the rubber has been allowed to stand in the air at room temperature for 30 days after the above lowering of the Mooney viscosity. This 
rubber exhibits little viscosity change with the lapse of time and is excellent in processability and storage stability. The rubber can be 
blended with other heat-resistant rubbers to give heat-resistant rubber compositions, while it can be filled with fibers to give composites 
excellent in strength characteristics. 
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4 




1 


1 


4 


4 


4 


4 




1 


1 


4 


4 


4 


4 




7 


7 


16 


16 


16 


16 
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1 > 4) 0 

izmmmtitt-s-mm&n^rcm&iz^ &m&^±m\z&£k2nz> z\ 

mmm5. 6, 7. 8. ifcj£flt]3 

- h U^g^TiSfiSfn&S^ftrfA (TK^fcNBR, TK^fcsg 9 0 % , 3^ 
ti5 2 8, m-ST? U h ij;^ft3 6 — -Jffi^ 7 8 (HJS0IJ5, 6 

. 7*5<ktfjttSE0tJ3) 4 0 (^Jg^J8) ) ^ hif&igfi (j&UU 

zzmmttim : :/^X^*I^W5S0rtt§SBT-4 0, 8mm 
. T^U^-gS 1 6 0 0 cm, L/D 4 2, 7A'Wl/i^, mm&&l 0 k 



X /7 U :x-!eJ«£&: ( r pm) 


10 0 


3 0 0 


5 0 0 


»WiSft (S-i) 


8 0 0 


2 . 4 0 0 


4, 0 0 0 




12 0 
~ 1 8 0 


10 0 
— 1 6 0 


9 0 
~ 1 5 0 



«JEM*:/tl^;n <&AV , -» 3 0t 

n\,)V2 mmv-» i 5 o-c 
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2 5 or 

a*u;u4 2 8 or 

2 6 or 

(#£py-» 2 o or 

nu;w7 20 or 

*\vY 2 o o r 

m 2 





o 
o 


5 


6 


7 


8 






3 

1 


3 

i 


3 
1 


3 

i 


mpT<DrfA®s(r) 


300 
278 


100 
267 


300 
276 


500 
283 


300 
266 


1 Bg 
7 Bg 
H B g 
32 B g 
65 B g 
93B g 


57 
39 
44 
50 
53 
56 
60 
65 


57 
40 
40 
41 
41 
41 
41 
41 


57 
27 
28 
27 
27 
27 
27 
27 


57 
17 
16 
1 7 
16 
16 
16 
16 


140 
48 
48 
48 
48 
48 
48 
47 


7 b g 

65 B g 


0. 5 
0. 8 


0. 2 
0. 6 


0. 5 
0. 8 


i 

0. 3 
0. 1 


0. 5 
0. 3 



^2©^^, n&mi)tt**Mm&2 5 or- 3 0 ortc&nTfr? z\t\z 

ct A---Jte£gi£-Rg3 0 Bffl;&KLTV>£ra(2A---)te^©±#at54? 

kmms. 1 0, tfcifr<Bi4. r 

A--— ftSfiE 1 4 2 <£>zk*fcNB R (if y h 2 0 2 0 H, m&7#VU 
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^^Ua-EftgjR (r pm) 


2 0 0 


3 0 0 


mmmg. cs-i) 


1 . 6 0 0 


2 , 4 0 0 


»Bi$ra (#) 


110 
~ 1 7 0 


10 0 
~ 1 6 0 



J£ 5 6 (DfrmikN B R (if7h^;V2 0 2 0 L, *§-&7 ^ U U- h U 
3 6%, 3^«i2 8, B*-tf^>^55;^tt®[) 
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m 3 





If, rf*JU /o| 










4 


5 


9 


10 












— * XA 


1 00 


1 00 


100 


100 


ZnOff 1 


5 


5 


5 


5 


Xf7U >Sf 


1 


1 


1 


1 




50 


50 


50 


50 


p J U U 1 M; 


5 


5 


5 


5 


/ /7 »»i /7 /I yt C 


1 . 5 


1 . 5 


1 . 5 


1. 5 




1 . 5 


1 . 5 


1 . 5 


1 . 5 




0. 5 


0. 5 


0. 5 ! 


0. 5 




1. 5 


1. 5 


1. 5 


1. 5 


/ >7 ~ \ /T 

s y c 7 — JVL 


0. 5 


0. 5 


0. 5 


0. 5 


A---HS (100 TC, ML1+4 ) 










ICC A — — — iLXLi^BU 


78 




142 


1 42 


q a n -ktrf&2& /Ts K — jfcb rtp 

30 □ zdc K c/ j , — TniS 


68 


DO 


£ A 

69 


57 


+rn "t~ M- /tit 












8. 3 


7. 6 


7. 5 


6. 8 


m^m** (kw) 










n— ;^A^ 2 >;?'^4 


D 


C 


B 


A 












_/_:_/_ >1 /T\ TIT 1'/- 1 \ 

g/m i n (n= 4 CO-M^Jg; 


31.7 


36. 8 


35.8 


40. 3 


cm/mm (n = 4 CD-Y-tg) 


63. 6 


64. 8 


65.4 


68. 5 


aIJI' (%) 


80. 0 


92. 1 


99.7 


102. 8 


an* i— ■ „ — - > ♦ 


1. 5 


2. 5 


4. 0 


4. 0 




2. 0 


2. 5 


4. 0 


4. 0 


m 


1.5 


2. 5 


3. 5 


4. 0 


mm 


4. 0 


4. 0 


4. 0 


4. 0 


k □ ST/RU 




11.5 


1 c c 

15.5 


16.0 




0. 4 


0. 2 


6. 7 


7. 5 












(kgf/cn2) 


205 


229 


252 


253 




420 


540 


510 


530 


ioox5l!5D^^;(kgf/ciB2) 


25 


27 


30 


27 


200X5l!6DJCS^(kgf/ciB2) 


60 


63 


74 


67 


300X5151 DJ&2j(kgf/cm2) 


100 


102 


122 


112 


EEflg7k4Mf 1* ( 1 5 0 1: x 7 o USM) 










(%) 


77. 0 


76. 7 


71.3 


73. 7 
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11. 12, 13, bt.&M 6 , 7 
A— n— ttflE 113 <Z>7k3MfcNB R (if »/ h#— ;U2 0 2 0 H> Jjg-g-T^ U D 





i i 


1 2 


1 3 


=L-\s\m& (r pm) 


2 0 0 


3 0 0 


4 0 0 


wm&m (s-i) 


1 , 6 0 0 


2 , 4 0 0 


3, 2 0 0 




110 
-17 0 


10 0 
-160 


9 0 
— 1 5 0 



&*5, itrnme-Cte* Jt*SE«lT?W»Lfc7K*^NBR, Jt*W7Ttt» A- 
~-*6S6 5 <£>7tc&ft;NB R (if7h^-^2 0 2 0 L, if^T ^ U D - h U ;U 

-r. 
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M 4 





1 f - .It 1 . f. ,1 

6 


tttstm 

7 


mmm 
1 1 


12 


13 


^— ^>^^ >y^SRF 


100 
50 
5 


100 
50 
5 


100 
50 
5 


100 
50 
5 


100 

50 
5 


(100 «C. MI-~. ^ 


78 
68 


* 

65 


113 

71 


113 
57 


113 
26 


ntimnm <kD 


8. 2 
3. 5 
D 


7. 4 
4. 0 
D 


6. 7 
4. 5 
B 


6. 2 
5. 5 
B 


5. 3 
A 


g/min(n= 4 <Z>*Fi~J) 
cm/min (n= 4 (DW-&I) 
(%) 
: X y i? 

3fe iSt on 


45. 3 
112.8 
50. 2 

1. 5 

2. 0 
2. 0 
4. 0 
9. 5 


50. 8 
118. 4 

49. 5 
2. 5 
2. 0 
2. 0 
4. 0 

10. 5 


58. 2 
128. 5 
55. 8 
3. 0 

3. 0 

4. 0 
4. 0 

14. 0 


5 6.8 
135. 4 
59. 2 

3. 0 

4. 0 
4. 0 
4. 0 

15. 0 


58. 3 
126. 4 

50. 8 
4. 0 
4. 0 
4. 0 
4. 0 

16. 0 




0. 5 


0. 3 


18.4 


•* 

1 fi ft 
10.0 


1 O 0 

1 8 . Z 


3I»2?1Kil 

§l3if9 3S^(kgf/cm2) 
#tf (%) 

100X§|§gOj^^(kgf/cn2) 
200X?f§it)J^^(kgf/cB2) 
300X5llgDj£;fr(kgf/cB2> 


205 
400 
31 
85 
140 


215 
490 
33 
91 
151 


242 
440 
42 
119 
189 


238 
410 
42 
116 
190 


214 
440 
38 
98 
167 


^, , (i5ot:x7oi^W) 
(%) 


33. 5 


32. 3 


26. 3 


28. 4 


29.0 
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0JlW>h^±to7K*flsNBR£Jfc«rr*£, tBtt6T?® A- ~ — fcffl 

^3Sft] 14, 15, 16. 17. 18. tfctHH R . 9 . 11. \ 9. 

*1&nil* 12, 1 3TH«Lfc»UWf^«ia^Al 0 oaPfc^bT*-* 
1 5 OgBSB^L/ifcO (IH&m 4, 15, 1 6) *5«krXg|JfrW 1 
2 , 1 3Tm$gLfciGS]#IGir#&gL£:rfA 1 0 0 gBlc:#-# > y ^ v $ & 2 0 0 
SBBB^rLfcfcco (^M^»J17, is) c^^t, imji^^zs^mmwtit^mn 

Jt«*#J8:fc«i:tfl om Jt<ftmTW«Lfc*J*ftNBR, it«0»J 9 
1 Tte, A-n-JteS6 5 <£>*&>(t:NBR <-t?y ;P2 0 1 0 L, 
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30 
* 5 





8 


9 


14 


15 


16 


ft — ^>^77i)SRF 


100 
150 

5 


100 
150 
5 


100 

150 
5 


100 

150 

c 

o 


100 
150 

c 
D 


A- --ft ft 

(100 M^-M ) 

3 o b m.m '& <d a — - — Mm 


78 
68 


* 

65 


113 
71 


113 
57 


113 
26 


fHJR&(mm) 


8. 3 
1.5 
D 


7. 8 
2. 0 
D 


7. 2 
3. 5 
B 


6. 6 
3. 5 
B 


5. 9 
4. 0 
B 


3l§gO§&$ (kgf/cn2) 

#tf (%) 

ioo%§l!gt)i^^(kgf/co2) 
®£ ( J I S A) 


225 
100 
180 
91 


214 
130 
186 
92 


256 
120 
234 
92 


238 
120 
217 
92 


225 
120 
200 
91 
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m 6 





10 


1 1 


17 


18 




100 
200 
5 


100 
200 
5 


100 
200 

5 


100 
200 
5 


(ioo r:, ) 
3 o a mm '& <d a — - — 


1 78 
68 


* 

65 


113 
57 


113 
26 


IB! Bt (am) 




7 1 

2. 0 
B 


c a 

o . y 
2. 5 
B 


3131 (kgf/cm2) 
#7Jt (%) 

®2 ( J I S A) 






198 
90 
154 
167 
95 


192 
100 
148 
152 
96 



mmm 19, 20. 9 i , frteflii i 9. . i 3 

^J&^JSTiHgfLfczK&fcNBR (LZP-2) , ^Jg0ij 6 TiHI®! L £:7k3Mfc 
NBR (LZP-3) £rfiaR<E>7k3H*bNB R (1f»;h#-^2 0 2 0, *§-&7^ 
'J NU;i/^tt3 6%, 3^SM86 2 8 , A---*fi^7 8;ZP 2 0 2 0 L 
. ^-^T^ >J P- h U;i^*T*3 6 3^7^152 8 , A---3|feS7 8, B* 

&&&i>tct%<Di}nmvomz^^T&ffii,fz.. itm<ofttb\z. itmm 3 1, 

fc7j<3$SfcNBR (LZP-1) <£: fljflK<Z>7K3Sffc;N B R (if y h Jl, 2 0 2 0 > 
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if v h^-;U2 0 2 0 L) t^fi^Lfet)©(:o^Tfe^^C|?ffiLfc. 
^ 7 tC^fo 
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m 7 









mm 


ZP2020 


78 


ZP202OL 


57 


LZP-i 


54 (30 BI£) 


LZP-2 


41 (30B^) 


LZP-3 


16(300^) 











19 



70 



30 



mmm 

20 



50 



50 



12 



50 
50 



13 



95 
5 



xf7u >m 

t} — > ~? -y y pgp 

mit&itm i 
%fcm±m 2 



tiamfemm i 



5 

1 

50 
1.5 
1. 5 
0. 5 
1.5 
0. 5 



n>nu— aura© 

(kW) 

g/nin (nMCO^Fl^) 
cm/nin(n= 4 OD^iS/) 

xx;u (%) 

1?^ : X y *J 

ilW (kgf/cB2) 

ioox§l5gOf£2; 

(kgf/c«2) 

300x§l3g9 

(kgf/cm2) 



54 
63 



7. 1 

A 
4. 0 



39. 7 
65. 3 
92. 5 

3 

4 

4 

4 
15 

268 
510 
30 

118 



5 
1 

50 
1. 5 
1.5 

0. 5 

1. 5 
0. 5 



56 
65 



7. 4 

A 
3. 5 



46. 8 
68. 9 
89. 3 

4 

4 

4 

4 
16 

265 
520 
28 

118 



5 
1 

50 
1. 5 
1. 5 

0. 5 

1. 5 
0. 5 



58 
69 



8. 0 

B 

3. 0 



34. 3 
65. 3 
86. 5 

3 

3 

3 

3 
12 

261 
500 
27 

112 



5 
1 

50 
1. 5 
1. 5 

0. 5 

1. 5 
0. 5 



56 
70 



8. 9 

B 

2. 5 



31.7 
62. 2 
76. 8 

2 

3 

3 

4 
12 

252 
510 
27 

116 



118 
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2 2, 23, 2 4, 2 5, 26, H, tttMW 14. is. 1 ft 



1 2TW»L£zR*4-fc;NBR (LZP-4, A---^|g 5 7 ) 
**«13Ti«U&**ftNBR (LZP-5, A-"-^2 6) ZltiSRO) 
X-3 L U>% t mftm#m&te3A (EPDMW>4 7 7 8 F, 3^**1518, 



LZP-5l;^^Ttt, 3&fc***fcNBR (if y h 2 0 1 0 

JttttLT, Jt«<W3TW«bfc**<fcNBR (LZP-1, A-n-M5 



22 



23 



24 



14 



15 



16 



LZP-4 
Z p 2 0 1 0 
EPDM( tiJ^^r;i/^> 

4778F) 

srf tfyy^yp 

W7^4 0 KE 

(kg/cm2) 
#tf (%) 
-10 0 %3l3gjf>?j 
2 0 0 

S££ Shore A 



30 
70 
1 

40 

3 



234 
290 

48 
153 

75 



50 
50 
1 

40 

3 



248 
380 

45 
148 

73 



70 
30 
1 

40 

3 



263 
390 

52 
168 

74 



100 
1 

40 

3 



241 
220 

58 
205 

76 



50 
50 

1 

40 

3 



232 
310 

54 
154 

73 



100 



I 

40 

3 



277 
430 

36 
113 

68 
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L Z P - 5 
Z p 2 0 1 0 

epdm( myt*r)v&> 

4778F) 

SRF J3—#>7^y& 
J^)Vij 7^4 0 K E 



§l3g5££(kgf/cm2) 
#tf (%) 

1 0 0%§l3gjft# 

2 0 0 %^I3Sj^^j 

Shore A 



25 



10 
20 
70 

1 

40 

3 



B 

222 
270 

51 
152 

76 



26 



10 
40 
50 

1 

40 

3 



27 



B 

243 
320 

49 
157 

73 



10 
60 
30 

1 

40 

3 



B 

238 
310 

47 
148 

73 



mmm 28. 29. 3 0 , tt&m 3 7 , is. 19 

*ifl5?l«bft*#ftNBR (LZP-2, A-"-tt«4 1) £r1flfc<D 
#U7^U^»I7r;«I^A (AR7 1 A---^5 0, B*if* 

>aot^*t«) £m&Lftzr<uM^®i\z-D^T, taints jzzsmmmwtit^m 
ofc. ittttbx, itmm 3 -vmmLr^mitN br clzp-i, a---^ 

S5 4) *«fflLfe*^fe|^«fcl¥fi5Lfe. 8***10l:wt. 
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& 1 0 



L Z P- 2 
L Z P - 1 
AR 

Xf7'J >Wt 

SRF ^7 — 7^>v r ^^^7 
/t;U^J y^4 0KE 
7-^^-F4 4 5 



inflate 

3l3g3&£ (kgf/cm2) 
#tf (%) 

1 o oxsmmij 

2 0 0 

S!cF Shore A 



28 



30 

70 
1 

50 
5 
1 



B 



174 
360 
36 
73 
66 



29 



50 

50 
1 

50 
5 
1 



B 



182 
350 
35 
86 
68 



mm 

30 



17 



70 

30 
1 

50 
5 
1 



A 



201 
370 

38 
138 

67 



100 
1 

50 
5 
1 



D 



103 
280 
25 
53 
66 



uam 

18 



50 
50 

1 

50 
5 
1 



135 
260 
32 
72 
68 



Jtttfl 
19 



100 
1 

50 
5 
1 



226 
390 

36 
146 

70 



nmm 3i, 32. ajg a 20. 21. 2.2 

*16«9Tli«L,fczk*fl:NBR (LZP-6) Sfttt*««l OfMUfc 
J*C*fcNBR (LZP-7) S:rt:IR<D7>y^ifA (f^;7D>710, A-- 

iMM^iilfc. JttttUT, Jt«E«3TrP«bfc**fl2NBR (L Z 
P-l, A~r-fiiS5 4) ^JttertfflRCDTKsMtNB R (ZP2010, T^U 

HNBR) (BB-cjB) WOt^DTftS. 
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f^77D>P7 1 0 lOOgfB 

3 0g& 

m&m# i 3 §b 

TA I C 3BB 
— ^^it 25B-40 3 SB 

HNB R l o Offi 

SRFA-!)f>y77^ 5 0g& 
^7>^MBZ 1. 5SB 

t^^-R4 5 1. 5g& 

A*;i/?j^7'4 OKE 6 8B 
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it «* #1 


n m 




20 


L 1 




0 1 


32 














%B.f&V0 P710 


i on 


7 n 


7 n 


70 


70 


HN BR ifcfl fi1?.A£l 7P9fl1fi 

ii ii jj IV rfM_L /vA< *|5U l i 6 U 1 U 












LZP-1 






^ n 






LZP-6 








o U 




LZP-7 










3 0 




c 


c 


p 


13 
















MH (V m ax ) (kg ♦ cm) 


50 


53 


52 


s s 


0 ** 


ML (Vmio } fkff • rm\ 


1 1 


9 


fi 

o 


fi 
o 


Q 
O 


T5 (#) 


1 . 3 


1 fi 

l » u 


1 7 


1 . D 


1 £ 


T 9 5 (#) 


9. 1 


13.4 


1 3 6 


1 3 ? 

1 O . L 


10. 0 














(kgf/coS) 


1 87 


1 O 3 


1 7 R 
1 1 o 


c U D 




#tX (%) 


240 


1 90 

1 ^ V 


1 80 

1 L) U 




6 0 U 


1 0 0 %§l3g0ift# 


47 


84 


78 


49 


56 


(kgf/cm2) 












2 0 0 %5i36tU£;*j 


150 






166 


156 


(kgf/cm2) 










( J I S A) 


66 


73 


72 


68 


67 














g/min(n = 4CD 5 pl^) 


67. 3 


57. 4 


56. 3 


6.0. 3 


62. 8 


cm/nin (n = 4 O 5 ?^) 


106. 8 


115.3 


1 18. 4 


123. 7 


133. 1 


xx;v (%) 


46. 4 


48. 3 


51.2 


53. 5 


53. 2 


Wj£ : X >;/ >> 


3 


3 


3 


3 


3 




2 


2 


3 


3 


4 


M 


2 


2 


3 


4 


4 




1 


3 


3 


4 


4 




9 


10 


1 2 


14 


15 



3Zffim 3 3. 3 4, 3 5 23. 2 4. 25. 26 

HJS^J 1 OTPi$SlL-£:7K3MtNBR (LZP-8) £rlTIE(D# U x-^;Hf A 
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NBRK:^**^ U^g&M»£E£LTfc<5ifi&&&X7X (Z s c 

2 2 9 5, B*1f*>#:i*;#&3S!) tS^T Lfc =fA*g£*&iC 

*ffcNBR (LZP-1, 4) £ttfl!Lfc*^fcra«fcff05L&. 

^^^^ 1 2 (C^To 

S^WiSfiafD^m^^TA (HNBR) (Dtt^ (BB^D) ^T©tfeOTftS. 
LZP-8tZSC2295 i©fi^*l:a^Ttt, LZP-8, 3 5 HN 
BR6 5S&, A'W^4 0KE (#«&BHbttKttIflKS!l) SE^tfc. 



if & n>2 0 0 0 1 0 0g& 

^7 — ^1/^^X1120 4 0 g& 

1 5 0 10SB 

iflsyifG— 8 2 0 8 1 gB 

— N 4 5 1 . 5 6C 

/^77^ 2 24 1. 51 

ry h F 0 . 9 SB 

BH^-D 

HNBR 1 00$ 

ft — ^1/7^X1 1 2 0 4 011! 

Kft:?^y^#l 50 108B 

^l/<y - 8 2 0 8 1 M 

•T^-ft— H 4 4 5 1 . 5SB 

7^77^ 2 2 4 1 . 5 SB 

;\*;U7j 4 o ke 7 8& 
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& L2 





it ! 


k m 


mmm 


tttsm 




mmm 




23 


24 


33 


25 


34 


35 


26 


2lA 

f>D>2 0 0 0 
L Z P- 1 
L Z P- 8 
Z S C 2 2 9 5 
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